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Introduction
Temporary agency work is a tool that allows firms to adjust labor input on short notice. In Germany it has become increasingly important since 1994, when regulations concerning temporary employment were relaxed. Between 1994 and 2007, the number of temporary agency workers in Germany quadrupled from roughly 175,000 to over 700,000. Though, it must be noted that despite this growth, only 2.4 percent of the working population in 2007 were hired by temporary agencies (Schmidt and Wüllerich 2011) . The growth in the use of temporary agency workers is by no means only a German phenomenon; it can be observed throughout the industrialized world. The share of temporary agency workers in Japan, for example, grew in the active population by more than 1.3 percentage points to 2.1 percent between 2000 and 2007. In European countries like Switzerland, Austria, Finland and Italy, the growth in temporary agency work was 0.7 percentage points over the same period. (Eichhorst et al. 2010 ).
The increasing importance of temporary work is of growing interest to economists. Although there is an extensive discussion on this form of employment, the discussion is driven by a labor market perspective. Hitherto, there are two published papers, Arvantis (2005) and Kleinknecht et al. (2006) that analyze the effect of temporary agency work on firm performance. Arvantis (2005) , based on 1,382 Swiss firms across all sectors, uses a dummy variable to model the utilization of temporary agency work on the outcome variable sales per capita by running a OLS regression. He finds no significant difference between firms using temporary agency work and those not using it. Kleinknecht et al. (2006) uses a different measure for temporary agency work. Here the percentage of hours worked by temporary agency workers out of total working hours is used. Based on a sample of 590 Dutch firms, OLS models are used to test for a relationship between the utilization of temporary agency work and firm performance as measured by sales growth and growth in employment. Like Arvantis (2005) , no significant effects of temporary agency work on firm performance are found.
We extend the existing literature on the effects of temporary employment on firm performance by applying panel data models on a rich newly combined panel data set of more than 17,000 German manufacturing enterprises. In contrast to the aforementioned studies, we control for the inherent selection problem into using temporary agency work, since some firms systematically do not use this instrument. Additionally, we apply dynamic panel data models to control for potential endogeneity of explanatory variables. We find a U-shaped relationship between the extent of using temporary agency workers and competitiveness measured by unit labor costs. This result is robust with respect to the different models applied.
The remainder of the paper is organized as follows. The next section reviews the broad range of discussions in connection with temporary agency work and fixed-term employment. From this, we develop the hypothesis to be tested. The third section presents related studies. In the fourth section, the data are introduced and first descriptive statistics are presented. The results of the analysis are the subject of the fifth section and the last section provides some conclusions.
Literature and Hypothesis Development
In this section we summarize the discussion in literature on the effects of temporary agency work on employees and firms and use them to derive our hypothesis about the relationship between firm performance and temporary agency work. In the context of this paper, the performance of firms is approximated by unit labor costs (ULC). ULC is a widely used measure of competitiveness between countries and industries (Felipe 2007 , Ark et al. 2005 , Alesina and Perotti 1997 . 1 It is constructed by dividing the cost of labor, including all benefits, by real value added. 2 Hence, ULC is driven by wages as well as by labor productivity. 3 This supports the idea of competitiveness, since, as pointed out by Ark et al. (2005, 2) : "…competitiveness is not only determined by productivity, but also by the cost of inputs in the production process. Indeed, a well-known measure of international competitiveness combines labour cost and productivity into a single measure of labour cost per unit output." 4 Hence, competitiveness increases with a decreasing ULC and this occurs when labor productivity grows faster than wages.
Utilizing this measure raises the question if the costs of temporary agency workers are not below that of employees with permanent contracts, even if both are equally productive. If this is the case, one could argue that the increase in the share of temporary agency workers would necessarily lead to better ULC's. Firstly, with respect to the costs, we must distinguish between the costs of temporary agency workers for the hiring companies and the wage of these employees. Many studies show that the wages of temporary agency workers are considerably below that of their permanent employed colleagues (Antoni and Jahn 2009 , Brown and Sessions 2005 , Jahn and Rudolph 2002 . Jahn and Rudolp (2002) find that wages of temporary agency employees in Germany are roughly one third below that of permanent employees. However, as pointed out by Nollen (1996) , the cost saving goal of hiring companies are often not met. This "disappointing experience appear to occur in Europe as well as in the U.S." (Nollen 1996, 578) . The reason is that the client company does not pay the low wages directly. Instead, the client company pays a fee that includes the gross wage of the temporary worker and additional fees, depending on the contract, to the agency. The overhead fees are sometimes quite high, as pointed out by Houseman (2001) . According to Rangnitz (2008) , only two-thirds of the fee paid by the client company to the agency is the actual wage of the temporary worker and the rest are costs and profit of the agency. This means, in turn, that actual costs for a temporary agency worker, compared to a similar worker under a permanent contract, are at least the same or higher. This is also confirmed in an empirical study by Klein- For international comparisons the purchasing power parity and exchange rates must also be considered. See for an introduction see Ark et al. (2005) . 3 The relationship between wages and labor productivity is as follows: ULC, as defined here, is formally ⁄ ⁄ , with the enumerator capturing labor costs and the denominator the real value added. This can easily be transformed into ⁄ ⁄ ⁄ and ⁄ ⁄ by substituting real value added by quantities (Felipe 2007) . 4 We are aware of the critics and limitations of ULC. First, changes in the second input category, capital, are not explicitly taken into account. Second, the way ULC is defined it can also be interpreted as a measure of the share of labor income on output (Felipe 2007) . We address these issues by considering the capital intensity of production as an explanatory variable in the estimation. knecht et al. (2006, 176) that find "evidence that flexible contracts lead to significant savings on firm's wage bill. This holds for people on truly temporary contracts and for self-employed ('free lance') people. It does not, however, hold for people hired from manpower agencies."
If saving labor costs is not the driving force behind the use of temporary agency work, it must have other features. Within the extensive literature on the various aspects of temporary employment and temporary agency work, there are three discernable fundamental lines of argumentation. 5 The first line develops along the increase of labor market flexibility through temporary employment. Thereafter, the temporary employment or temporary agency work is a form of external flexibility, which allows companies to react quickly to fluctuations in demand with an adjustment of labor input without prohibitive high redundancy costs (Pfeifer 2005 , Nollen 1996 , Bentolila and Saint-Paul 1992 . Empirical evidence also suggests a positive correlation between permanent employment protection and the use of temporary employment (Shire et al. 2009 , Nunziata and Staffolani 2007 , Booth et al. 2002b , Houseman 2001 . Hence, this form of employment is actually a result of strict labor market regulation. The flexibility argument supports the utilization of temporary agency work, since it allows firms to react quickly to changes in output demand by adjusting the cost of labor inputs. With respect to our performance measure, ULC, it directly affects the numerator. Hence, the competitiveness of firms using temporary employment should increase compared to those not using it, whenever changes in demand occur. There are, however, also ambiguous aspects to the use of temporary agency work that affect firm performance.
This introduces the second major strand of literature on temporary work: its screening aspect. Here, following the principal agent theory, the true quality of job applicants is unknown. Temporary agency workers, or fixed-term contracts, are used to increase the period of probation in order to give the employer more time to screen the employees (Vidal and Tigges 2009 , Houseman et al. 2003 , Booth et al. 2002a ). If the temporary employees can expect that productive behavior and positive work attitudes will increase job tenure, or increase the probability of getting a permanent contract, screening helps to separate good from bad agents (Pfeifer 2005, Wang and Weiss 1998) . This, in turn, would positively affect productivity both in the period of screening as well as afterwards (Engellandt and Riphan 2005) . However, if firm policy or recent events prove that fixed-term contracts or temporary agency work is not used to screen for the productive workers but are rather substitutes for permanent contracts, the positive incentives of screening fail to appear (Vidal and Tigges 2009, Booth et al. 2002a) . Such substitution could also discourage remaining core workers and the resulting "low levels of job satisfaction and morale may exert an adverse influence on productivity levels." (Brown and Sessions 2005, 311) . This effect however, is conditional "upon the proportion of temporary workers and upon permanent workers' assumptions concerning the reasons for hiring temporary workers" (DeCuyper et al. 2008, 39) . Thus, using too many temporary agency 5 Although this paper focuses on temporary agency work, which is defined as a triangular relationship between worker, leasing company and client (Burgess and Connell 2005) , we do not explicitly distinguish between fixed-term contracts and temporary agency work in this literature review, because the discussed effects are rather similar for both forms of employment. This paper does not discuss the institutional framework and its development in Germany. For more information on this see Schmidt and Wüllerich (2011) , Antoni and Jahn (2009), Mitlacher (2008) and Pfeifer (2005). worker will have a negative effect on the productivity of all workers and therefore decreases firms competitviness via decreased firm productivity. This is reflected in our measure of competitiveness by a decreasing denominator and, hence, an increasing ULC.
Finally, the productivity of firms also depends on firm-specific human capital. The literature argues that this kind of human capital is lower for temporary employed persons than for permanent employees (Nunziata and Staffolani 2007, Pfeifer 2005) . Moreover, as pointed out by Nunziata and Staffolani (2007, 76) , temporary employees indirectly affect productivity, since "the productivity of the newly hired temporary employees depends on the number of permanent employees who can dedicate part of their working time to train them to workplace tasks." This implies a transfer of firm specific knowledge from the permanent employees to the temporary employees, for which interaction between both groups is needed. This level of interaction, however, is already low in normal situations (Mitlacher 2008) . Hence, knowledge transfer is restricted and productivity of temporary employees does not increase. Again, due to a decreasing productivity, firms' competitiveness should decrease with an increasing share of temporary workers.
<insert Table 1 about here > To sum up, temporary agency work affects firm competitiveness through different mechanisms and, as shown in Table 1 , the overall effect depends on the share of temporary workers on firms' workforce. Hence, the use of temporary agency workers has a positive effect since it allows for greater flexibility and it allows firms to screen new employees. On the other hand, using temporary agency workers will decrease firms' productivity via lower firm specific human capital. Further, an ever increasing share of temporary agency workers reduces internal motivation and also decreases productivity. Essentially firms face a trade-off between increased flexibility and the possibility to screen new employees on the one hand, with less firm specific human capital and less motivated employees on the other. To what extent the positive or negative effects prevail ultimately depends on share of temporary agency workers. We therefore expect to find a nonlinear, perhaps U-shaped relationship between ULC and the extent that temporary agency workers are used by the firms.
Related Studies
As shown above, a large and growing body of the literature is devoted to the relationship between temporary agency work, labor market performance and the situation of temporary employees. There is, however, only limited research on the effect of temporary agency work on the performance of the firms using temporary employees. To our knowledge, there are, so far, only two published papers in refereed journals.
The first is Arvantis (2005) who, using data on 1,382 Swiss firms across all sectors, evaluates the effect of the use of temporary agency workers on the performance and the innovative activity of the firms. The variable of interest is a dummy variable that takes the value of one if companies reported that temporary agency work is important for them. The output variable is sales per capital, which approximates labor productivity. Using OLS, his results indicate that temporary agency work has no significant effect on the output variable sales per capital. The second is a study based on 590 Dutch firms from different sectors for the years 1992-1994 by Kleinknecht et al. (2006) . They also used an OLS approach to analyze the effect of temporary agency workers on sales growth. The explanatory variable measuring the input of temporary workers was the percentage of hours worked by temporary agency workers on total hours worked. They also did not found a positive effect on their output variable. However, they find a weak, but negative, relationship between the use temporary agency workers and sales growth among non-innovators, while the effect on employment growth is insignificant. According to Kleinknecht et al. (2006) , this suggests that labor productivity might be negatively affected by hired labor from manpower agencies.
Besides these published papers, we are aware of three discussion papers on this topic. Bryson (2007) uses data from approximately 1500 British companies in his study to measure the potential effect of temporary agency work on firm performance. Using OLS on the endogenous variables log sales per employee and log gross value added per worker, respectively, temporary agency work is modeled by three dummy variables that take the value of one if a company has none, 1-4 percent or five or more percent of temporary workers on total workforce. The results indicate that there is no significant effect of the use of temporary worker on firm's performance.
For Germany, Beckmann and Kuhn (2009) were the first to analyze the effect of temporary agency work on firm performance. They use a large data set of German establishments, the IAB panel of the Institute of Employment Research with almost 12,000 companies, but only 25,000 observations for the 2002 to 2005 period. Hence, the average number of observations per firm is 2.1. They model a Cobb-Douglas production function where log sales is the output variable, explained by various control variables and two variable categories that cover temporary workers. First, the share of temporary workers on total workforce and its quadratic term is included. Second, four dummy variables are defined that take the value of one if a company employs no temporary workers, 1-10 percent, 11-30 percent or more than 30 percent of temporary workers on total workforce. Using OLS, as well as a fixed effect and random effect models, they find an inverse U-shaped relationship between changes in sales and the share of temporary workers on total workforce. Finally, Hirsch and Müller (2010) investigate the effect of temporary agency work on firm performance, using the same data set as Beckmann and Kuhn (2009) , but just for the 2003 to 2007 period. As in Beckmann and Kuhn (2009) , the analysis is based on a Cobb-Douglas function and various controls, with the difference that the dependent variable is now log gross value added. Again, the effect of temporary agency work is modeled by dummy variables. While Beckmann and Kuhn (2009) model the intensity that temporary agency workers are used by defining four dummy variables, Hirsch and Müller (2010) define 10 dummy variables. Beginning with a dummy variable for the non-use of temporary workers, the classification is done in steps of 2.5 percent share of temporary agency workers on total workforce, until the dummy variable for a share of more than 20 percent. As in Beckmann and Kuhn (2009) , OLS and fixed effect regressions are estimated. The authors claim to find a significant hump-shaped relationship between the extent of the use of temporary agency workers and firm productivity.
These studies all have a number of weaknesses. The published papers rely on limited samples and suffer from unobserved firm heterogeneity as a result of applying OLS. This could be overcome using panel models. Furthermore, neither the published nor the unpublished studies distinguish between companies that use temporary employees and those that do not. Hence, the analyses are subject to a self-selection bias. In addition to these general shortcomings, the German studies also suffer from using a data set that is simply not suitable for this particular research question. This is because of the questioning in the survey regarding the use of temporary agency work. Before 2004 the survey explicitly asked for temporary agency worker use in the workforce during the first half of the particular year. The question changed in 2004 and subsequent years to ask if any temporary agency workers were being used on June 30 of that year. We know, however, that the employment duration of more than 50 percent of all temporary agency workers is shorter than 3 months (Schmidt and Wüllerich 2011) . Hence, most firms that actually have used temporary agency workers before or after June 30 are treated as non-users. Thus, the use of this input factor by the company is massively underestimated and the results of the analyses are therefore at least strongly biased.
Given these shortcomings, we enhance the existing literature on the effects of temporary employment on firm performance in three respects. First, this study accounts for the selfselection bias by (a) using a probit model to estimate the inverse mills ratio that is included in subsequent estimates to account for the selection bias and (b) by using just the subset of firms that used temporary agency workers. Second, we control for potential endogeneity of independent variables and dynamic effects by using system GMM models. Finally, and with respect to the German studies mentioned, we use a data set with more than 17,000 firms and 81,000 observations that actually capture the spending on temporary agency work over a year and thus does not confuse date data with annual data. Hence, our study allows, for the first time, valid conclusions about the relationship between the firm performance and the utilization of temporary agency work for Germany companies.
Data
This study uses a newly constructed data set of German Manufacturing enterprises. It contains data from the German Cost Structure Census (Kostenstrukturerhebung), the German Production Census (Produktionserhebung) and the Monthly Reports of German Manufacturing enterprises (Monatsbericht). 6 Each data set was gathered and complied by the Federal Statistical Office and the statistical offices of the states (Statistisches Bundesamt, Statistische Landesämter). We use the data for the 1999 to 2006 period. Plant and firm level data are merged using a common identifier. This combined data set covers all large German manufacturing firms with 500 or more employees over the entire time span. Smaller firms with more than 20 employees 6 The data are confidential and can only be used by remote data processing. However, they are not exclusive. For more information see Zühlke et al. (2004) and http://www.forschungsdatenzentrum.de/en/index.asp. are included as a random subsample that is held constant for four years. 7 The samples are designed to be representative for each sector.
The most important data set is that of the Cost Structure Census (CSC). It contains information on several input categories, such as expenditures for material inputs, wages and benefits, costs for temporary agency workers, depreciation, etc. 8 The Production Census contains information on the good produced, based on the nine-digit product classification system (Güterverzeichnis für Produktionsstatistiken) of the Federal Statistical Office. It provides information about the number of products produced by companies. The Monthly Reports contains information on domestic sales and foreign sales. This allows us to measure the export intensity of firms. To use methods of panel data analysis, the combined data set has been limited to those companies for which at least four observations are available. Thus, although the data set used covers more than 17,000 companies and contains more than 81,000 observations, it can no longer be regarded as representative for the entire manufacturing sector.
Given this data set, we construct the competitiveness measure ULC by using gross value added deflated by the producer price index at a two digit industry classification and the sum of all labor costs. The latter include wages, social security expenditures, provisions for firm pensions etc. As described above, we also include the costs of temporary agency workers in the denominator. The explanatory variables are: the size of a company (Size) measured by the number of employees; the number of products (NoProducts); the average labor costs (AvageLabor-Costs); the share of outsourced activities like repair and costs for contract work performed by other companies on gross value added (External); the capital intensity of production (CapitalIntensity) calculated as quotient of capital stocks 9 and the number of employees; the material intensity of production as share of material costs and energy on sales (IntermediateIntensity) and the export intensity as share of foreign sales on total sales (ExportIntensity). We apply the logarithm of these variables in the analysis.
Further we use dummy variables for the legal form (LegalForm) of the company; dummy variables for the years (YearDummies) and the industries (IndustryDummies) as well as dummy variables for the establishment profile (EstablishmentProfile). Finally the inverse mills ratio (InversMillsRatio) is calculated and used as explanatory variable to account for the selection bias. According to the definition of ULC, we measure the share of temporary agency workers on total firm employment, by dividing the costs for temporary agency workers with the sum of labor costs for permanent employees and costs for temporary agency workers (Share). Since we expect the relationship between firm's competitiveness and the share of temporary agency workers on the total workforce to be nonlinear, we also used the squared Share variable (Share2).
The descriptive statistics of the explanatory variables are shown in Table 2 . Table 3 contains the descriptive statistics, by industry, of the "Share" variable. 7 The Subsamples are compiled in 1999 and 2003. 8 For more information about the Cost Structure Census surveys in Germany, see Fritsch et al. (2004) . 9 The capital stock is not given in the data. It is approximated by a program recently published by Wagner (2010a).
<insert Table 2 and Table 3 about here >
Empirical Investigation
To analyze the relationship between the extent of using temporary agency work and ULC we proceed in three steps. The subsequent section presents the empirical strategy and the applied methods. Using the strategy outlined in section 5.1, we present and discuss the estimation results in section 5.2. Finally, the last subsection presents the results of robustness checks.
Methods and Empirical Strategy
As noted before, previous studies do not account for the fact that some firms have never used temporary agency work and that this causes a self-selection bias. In our data set about 65 percent of all companies have used temporary agency worker at least once. It follows that the analysis is also subject to a self-selection problem. Therefore, our analysis starts in section 5.2 with the estimation of a probit selection equation, where the dependent variable is a binary one that takes the value one if a firm uses temporary agency worker in a year and zero otherwise. 10 Given the estimates we calculate the inverse mills ratio based on the selection model as proposed by Heckman (1979) . For details of this approach see Briggs (2004) . This ratio is than included in subsequent estimations as an additional variable to control for the possible selection effect.
After calculating the inverse mills ratio, the estimation strategy for measuring the effect of temporary agency work on firm's competitiveness is as follows: First, we estimate an OLS regression model including all control variables to gain an impression of the relationship between the variables of interest, share, share squared and ULC. Then, we estimate a fixed effect regression in order to control for firm specific effects. The estimation is conducted taking into account all control variables, as described in section 4. Since there is variation over time, the dummy variables are also included. 11 However, fixed effect models do not take into account the possible endogeneity of regressors or dynamic aspects. Therefore, we also make use of dynamic panel data models. A natural choice is the difference GMM estimator proposed by Arellano and Bond (1991) . Here, the estimation equation is transformed into first differences. In order to account for the dynamic effects, the (differenced) lagged depended variable is included as an additional explanatory variable. Since it is endogenous by nature, it is instrumented with its own values of lag order two and higher. Starting with lag order one, the same applies to all exogenous variables suspected to be endogenous.
One critical point of the difference GMM estimator, as well as of the fixed effect estimator, is, however, the elimination of level information by subtracting means over time or first differ-ences. Using the level information could improve estimations. Therefore we apply the estimator proposed by Arellano and Bover (1995) and Blundell and Bond (1998) , called system GMM. 12 System GMM estimates a model in first differences and one in levels simultaneously using additional moment conditions compared to difference GMM. Following Blundell and Bond (1998) , the lagged values of the variables are used as instruments for the differenced variables in the difference model, while in the level model lagged differences are used as instruments for the variables in levels. For all specifications the p-values of the Hansen test of overidentifying restrictions will be reported. It is also important to test for first order autocorrelation of the error terms in levels. This is done by a test for second order autocorrelation of first differences.
The actual analysis, based on system GMM, comprises two estimates. First, a model is estimated where the potential endogeneity of regressors is ignored. The potential selection problem is solved by means of the inverse mills ratio according to the procedure described by Semykina and Wooldridge (2010). In the second GMM estimate we additionally assume that some of the regressors are not strictly exogenous, but predetermined. This means they are correlated with past error terms but not with current ones. The results are compared with each other and the results of the fixed effect model.
Given the estimates of section 5.2, section 5.3 contains various robustness tests. As a first robustness check, we estimate the above outlined models without controlling for the potential selection problem. Additionally we estimate each model while reducing the sample to those firms that actually used temporary agency work at least once in the observation period. Finally, we estimate separate models for research-intensive and non-research-intensive firms. It follows the idea that companies in research-intensive industries face a different kind of competition than the ones in non-research-intensive industries and hence might make use of the instrument agency work at a different scale and for a different purpose. The results will reveal if the findings of section 5.2 hold true for different industries.
Estimation results of static and dynamic panel data models
The analysis starts by estimating a selection equation to deal with potential self-selection. The first column in Table 4 contains the outcome of the applied probit model. As noted before, these estimates are used to calculate the inverse mills ratio, which is then included as an additional control variable in all subsequent estimations to take into account the selection problem. The actual analysis of the relationship between ULC and the use of temporary agency work begins with an OLS model followed by a fixed effects model. The results of these estimates are given in column two and three. Column four presents the system GMM model treating all explanatory variables as exogeneous. In contrast, both share variables and the variable export intensity are treated as predetermined in the system GMM model in column five. Both share variables are treated this way in order to check whether previous results are driven by poten-tial endogeneity. The export intensity variable is chosen because of the ongoing discussion whether only productive and competitive companies become exporters or if companies become more productive if facing strong global competition.
<insert Table 4 about here > Starting with the OLS model, we find a negative and significant coefficient for the variable share and a significant positive coefficient for the squared share variable. Controlling for firm specific fixed effects leads to higher values for both share variables, but the signs and significances are not affected. The same is true for both system GMM estimates. It follows, that an increase of the share variable decreases ULC and, therefore, increases firms' competitiveness. The positive sign of the coefficient of the squared share variable shows on the other hand, that this is not a linear relationship, but that the rising competitiveness turned into a declining one, if the share of temporary agency worker increases too much. Hence, our hypothesis of a nonlinear relationship between the ULC and the extent to which temporary agency work is used by the firms is confirmed in all models.
With respect to the control variables, the following is found: The coefficient for firm size is positive in all models, but not significant in the OLS model, which indicates that unit labor costs increases with firm size. The coefficient of the variable number of products is always positive. Again, unit labor cost seems to increase when the product range increases. However, the coefficient is significant only in the OLS model and in the first GMM model. For the variable average labor costs we find a negative and significant coefficient in the OLS model, while in the fixed effects model the coefficient is positive and significant. Hence, the coefficient in the OLS model seems to be affected by a fixed effects bias. In both GMM models the coefficient is positive, but not significant. Finally, the variables external, capital intensity, intermediate intensity and export intensity have negative and significant coefficients in all models. Thus, it follows, that (1) firms focusing on core activities by outsourcing activities like repairing machines will increase their competitiveness; (2) the more capital intensive the production process, the lower the unit labor costs; (3) the higher a company is located in the production chain, measured by the proxy intermediate input, the more competitive the firm is; and (4) the more a company sells its products on the global market, the lower the unit labor costs and hence the greater the firm competitiveness. Interestingly, this holds true even if we treat this variable as non-exogenous but predetermined. Additionally, the coefficient of the inverse mills ratio is negative and significant in the OLS model as well as in the fixed effects model, while it is not significant in either GMM model. Therefore, controlling for the selection effect seems to be necessary, at least in the pooled and in the static panel model.
With respect to the estimation quality note that, on the one hand, the test for autocorrelation of the error terms in levels in all system GMM specifications performs well. On the other hand, the null hypothesis of the Hansen test of over-identifying restrictions is rejected for both system GMM estimations. This could be driven by the high number of observations, while the number of observations by firms is, on average, only 3.7. So far, however, results of the sys-tem GMM models should be cautiously interpreted and we regard the fixed effect regression as the preferred model.
To sum up, the results of all models reported in Table 4 support our hypothesis of a nonlinear, U-shaped relationship between the competiveness and the extent that temporary agency workers are used by firms. Finally, given the coefficients for the share variable and its squared form, we can calculate an optimal share of temporary agency workers ceteris paribus. However, one should be careful interpreting the results, because the measure for the intensity of using temporary agency workers is calculated as the shares of temporary agency work on total spending for labor. Then, the optimal share, based on the results of the OLS model, is about 17 percent. As discussed before, OLS is affected by a fixed effects bias. When controlling for firm specific effects by running a fixed effects regression, the optimal share is about 11 percent. Both system GMM models, on the other hand, would suggest an optimal share of about 15 percent. However, it must be noted that these estimates follow the rejection of the Hansen test and should be treated with caution.
Robustness checks
For an initial robustness check of the results we estimate the same models as in Table 4 , except for the OLS model, without taking into account the selection problem. In the second step, these models are also applied to the subset of firms that actually used temporary agency work at least once during the observation period. The results of all estimates in Table 5 confirm our previous findings. Regardless of the method applied or the sample used, we find a negative and significant coefficient for the variable share and a significant positive coefficient for the squared share variable. Additionally, the control variables keep their sign and are mostly significant. With respect to the quality of the GMM estimations, we have to note that the null hypothesis of the Hansen test is again rejected when the models are applied on the entire data set without controlling for the selection effect. Interestingly, however, when applying the same models on the subset of firms that actually used temporary agency work at least once, the null hypothesis of the Hansen test cannot be rejected. Hence, these results are reliable.
Thus, two things can be stated. First, all estimates support our main finding of a U-shaped relationship between the extent of using temporary agency work and competiveness. Second, when calculating the optimal shares, we find it to be between 10.4 percent and 11.9 percent in all fixed effect models and the GMM estimations where the null hypothesis of the Hansen test could not be rejected.
<insert Table 5 and Table 6 about here > For a final robustness check, we estimate separate models for research-intensive and nonresearch-intensive firms. The assignment of the companies is based upon their assignment to research-intensive and non-research-intensive industries by the Expert Commission on Re-search and Innovation (EFI) of the German Federal Government. 13 For each group we estimate a fixed effects model and two system GMM models with the same specifications as before. The results are shown in Table 6 .
For both sub samples we find the U-shaped relationship between the use of temporary agency work and ULC in all models. In the fixed effects model both share variables are highly significant, while in the dynamic panel data models some are only significant at a ten percent significance level. The test for autocorrelation of the error terms in levels in all system GMM specifications performs well. In both system GMM models that treat all explanatory variables as exogenous, except the lagged dependent variable, the null hypothesis of the Hansen test could not be rejected. The same is true for the models treating both share variables and export intensity as predetermined at the five percent level.
Hence, our estimation results confirm the hypothesis of a U-shaped relationship between the intensity of using temporary agency workers and firm´s competitiveness. This result is robust regardless of whether we account for the selection effect and the potential endogeneity of regressors or not. Moreover, we find the U-shaped relationship in different sub samples.
Conclusion
In this study the relationship between firm's competitiveness, measured here as unit labor costs (ULC), and the intensity of using temporary agency workers is investigated. From the literature, we identify three main effects of the utilization temporary agency work on the competitiveness of companies. First, it is the increased flexibility in adjusting labor input to changes in demand that comes as a result of using temporary agency workers. This effect is always positive, no matter how high the share of temporary work on the input factor labor is. The second effect is the screening and motivation. Here, we find arguments that if temporary agency work is used to screen for new permanent employees it has a positive effect on the motivation and work performance of both, temporary agency workers and permanent employees. This, however, changes if the share is too high and firms follow a strategy of substituting permanent staff by temporary agency workers. Finally, the temporary agency worker lack firm specific human capital. In this regard, temporary work has always a negative impact on the competitiveness of firms. Because of these opposing effects, we expect to find a U-shaped relationship between the share of temporary agency work on total labor force and competitiveness of firms, measured by unit labor costs.
We test our hypothesis of a nonlinear dependency by regressing ULC on a proxy for the share of temporary agency work on total employment and the quadratic share as well as several controls. We control for firm specific effects by applying fixed effects regression models. To control for a potential selection into the use of this form of employment, we initially apply a selection equation and secondly restricting the sample to firms that actually used of temporary agency work at least once. Moreover, we control for potential endogeneity of independent variables and dynamic effects by using system GMM models.
We find a U-shaped relationship between the intensity of temporary agency work used and the competitiveness of firms. The results are stable regardless of the applied specification or estimation method. It follows, that an increase in the share of temporary agency worker decreases ULC and, therefore, increases firms' competitiveness. This relationship, however, is not linear. The rising competitiveness turns into a declining one if the share of temporary agency worker increases too much. This nonlinear relationship allows us to calculate the optimal share of temporary agency work for different models. In our preferred model, which is the fixed effects model including the inverse mills ratio to control for the selection bias, the estimated optimal share is about 11 percent. This result is confirmed by various robustness checks.
However, the optimal shares should be interpreted carefully because the share of temporary agency workers in a firm is calculated using monetary information. Thus, the optimal share cannot be interpreted as a share in the number of employees. Nevertheless, our results show that a corporate strategy, which aims to replace permanent staff with temporary workers, will not lead to greater competitiveness. Hence, the fears that permanent staff will be significantly replaced with temporary agency workers seem unfounded because this strategy is not in the company's own interest. Wang, R. and Weiss, A. (1998) . Probation, layoffs, and wage-tenure profiles: A sorting explanation. Labour Economics, 5(3), pp. 359-383. Zühlke, S., Zwick, M., Scharnhorst, S. and Wende, T. (2004) . The research data centres of the Federal Statistical Office and the statistical offices of the Länder. Schmollers Jahrbuch / Journal of Applied Social Science Studies, 124(4) , pp. 567-578. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 † all variables treated as exogenous, ‡ all variables treated as predetermined
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